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Abstract. At high doses, ketoconazole blocks both testicular and adrenal androgen biosyntheses and partially inhibits the glucocorticoid production. To investigate the effects of this imidazole derivative on the mineralocorticoid biosynthesis, 7 male mongrel dogs received a single oral dose of 15 mg/kg of ketoconazole or placebo, in a cross-over way. From 2 to 4 h after treatment, an iv infusion of angiotensin II (10 ng/kg per min) was performed. Ketoconazole treatment significantly blunted the aldosterone and cortisol increment, whereas 18-hydroxycorticosterone, corticosterone, 11\ x=r eq-\ deoxycorticosterone (DOC) , progesterone, and 17\ g=a\ \ x=r eq-\ hydroxyprogesterone rose to peak concentrations, respectively 2.5-, 6-, 8-, 2.5-and 1.5-fold higher than those observed after placebo administration. Plasma 11-deoxycortisol and renin activity levels remained similar in both groups. On the other hand, 2 \ m=x\ 2 groups of 10 male adult rats each were fed with a normal or a sodium-depleted diet. Of the two sets of groups, one was treated ip with ketoconazole (20 mg/kg twice a day), the other with vehicle solution. In animals on either diet, ketoconazole lowered 18-hydroxycorticosterone and aldosterone concentrations. Plasma DOC rose up to 25-fold in the salt-deprived animals. Serum Na+, Cl \ m=-\ , corticosterone and plasma renin activity remained unaffected by the treatment. These results show that high-dose ketoconazole treatment partially inhibits the biosynthesis of aldosterone by affecting the cytochrome P-45011\g=b\. However, this inhibition was detected mainly after angiotensin II or salt-depleted stimulation of the aldosterone production. Also, the renin increase was not modified. Therefore, the accumulation of precursors with mineralocorticoid activity such as DOC might have contributed to the maintenance of a normal ionic homeostasis.
At high doses, ketoconazole, an imidiazole antifungal drug, blocks both testicular and adrenal androgen biosyntheses, mainly by inhibiting the cytochrome P-450i7a/i7,2o-lyase (Bhasin et During high-dose therapy for prostatic cancer (400 mg three times a day), the basal plasma cortisol and aldosterone levels are not significant¬ ly modified, but the cortisol response to ACTHchallenges is blunted (Pont et al. 1984; Heyns et al. 1985; De Coster et al. 1986a . The rise in 11-deoxycortisol, 11-deoxycorticosterone (DOC), and corticosterone observed in such patients (De Coster et al. 1986a is in keeping with a partial inhibition of the cytochrome P-450hh as reported in vitro (Loose et (Nagai et al. 1986 ). However, the information on the effects of ketoconazole on the renin-angiotensin-aldosterone system in vivo is poorly documented. In prostatic cancer patients, receiving ketoconazole high-dose therapy, basal plasma aldosterone levels were not modified, whereas its precursors rose markedly (De Coster et al. 1986a Aldosterone production in rats on normal or sodium-depleted diet Forty male Wistar rats, three months old, were kept under constant conditions and divided into 2 compar¬ able groups. All received ad libitum a sodium-restricted diet (C1036, Altromin, Lage, Germany) containing 65 mg of NaCl/100 g. Twenty animals received distilled water, whereas the other 20 received distilled water containing 1% NaCI. After 1 month, 10 rats of each group received ip 20 mg/kg of ketoconazole diluted in HC1 0.1 mol/l, twice a day. Ten control rats were similarly treated with the same amount of vehicle solu¬ tion (0.1 ml/100 g body weight). On day 12 of the treatment, 3 h after ketoconazole administration, the animals were sacrificed by decapitation to avoid the stress of ether anaesthesia. Blood was handled as de¬ scribed before. Another fraction of blood from each rat was allowed to clot and serum was used for testosterone, corticosterone and ion determination.
Hormones and ions determinations
Plasma or serum testosterone, cortisol, 11-deoxycortisol, aldosterone, 11-deoxycorticosterone, progesterone, and 17a-hydroxyprogesterone were determined as de¬ scribed before (De Coster et al. 1984 , 1986a tivity levels markedly rose in the animals receiving the sodium-depleted diet (P = 0.001, Fig. 4 ).
Serum corticosterone and testosterone were not modified by the diet (Fig. 4) (Fig. 4) . A slight, but not significant increase in plasma renin activity was observed in the animals receiving the salt-deprived diet and treated by ketoconazole. In the animals receiving the normal diet, plasma DOC levels rose from 3.5 ± 0.6 to 100 ± 16 nmol/1, whereas plasma 18-hydroxycorticosterone fell from 3.6 ± 1.3 to 2.8 ± 0.8 nmol/1. This latter effect was even more pro¬ nounced in the animals on the sodium-depleted diet, in which DOC rose from 5.5 ± 3.6 to 136 ± 29 nmol/1 and 18-hydroxycorticosterone fell from 34.6 ± 5.6 to 13.3 ± 6.0 nmol/1. Serum cortico¬ sterone concentrations were not affected at all by the treatment (Fig. 4) . Eight rats out of 10 on the normal diet and treated by ketoconazole showed diarrhoea and scrotal oedema from day 8 (Pont et al. 1982; Vanden Bossche et al. 1986 ) than in the guinea pig adrenal (Lambert et al. 1986 ).
In spite of a marked fall of the aldosterone concentration, plasma renin activity levels were not significantly modified by the treatment, either in dogs or in rats on both diets. This is probably due to the accumulation of precursors with mineralocorticoid activity, such as DOC, which inhi¬ bit renin secretion and guarantee the mainten¬ ance of a normal ionic homeostasis. On the other hand, the increment of DOC, in the presence of normal basal aldosterone levels in the rats on the normal diet receiving ketoconazole might be re¬ lated to the diarrhoea and scrotal oedema.
The slight increase in plasma cortisol observed in the controls might result from a stimulating effect of angiotensin on the pituitary-adrenal axis (Ramsay et al. 1978) or from a direct steroidogenic effect on the zona fasciculata. Ketoconazole treatment blocks this response, and this inhi¬ bition is similar to its blunting effect on the cortisol response to ACTH challenge reported in man (Pont et al. 1984 ; De Coster et al. 1987 (Rajfer et al. 1985; Vanden Bossche et al. 1985) , in dispersed mouse testicular cells (Lambert et al. 1986) , and in human testis (Rajfer et al. 1986) . No effect of ketozonazole on the cytochrome P-4502i has been observed so far (Miksch & Engelhardt 1985; Vanden Bossche et al. 1986 ). Therefore, the rise of 17a-hydroxyprogesterone in dogs, after angiotensin-or LHRH-stimulation (De Coster et al. 1986b ) is likely to be due to a blockade of the 17,20-lyase activity of the cytochrome -450 7 / 17,20-lyase·
The results reported here, together with al¬ ready published data on the endocrine profile of ketoconazole high dose therapy in man (Pont et al. 1984; Heyns et al. 1985 ; De Coster étal. 1986a show that this treatment mainly blocks the testicular and adrenal androgen production and partially inhibits the adrenal cytochrome P-450nß.
In a few patients, the interference of ketoconazole with the gluco-and mineralocorticoid pathways has been related to some impairment of the adrenal function (for review see Amery et al. 1986 ). In addition, the accumulation of DOC may be related to the occurrence of peripheral oedema and hypertension as reported in a few patients (Baert, 1985;  Aabo, Amery, personal communica¬ tions). Therefore substitutive corticoid therapy is recommended in patients treated with high-dose ketoconazole.
